Liver microsomes contain multiple forms of cytochrome P-450, and the adminis tration of various chemicals causes selective induction of one or more particular forms of the cytochrome depending on the chemicals (1) (2) (3) . Because of the original interest in cytochrome P-450 as a drug-metabolizing enzyme system, many drugs or environ mentally encountered chemicals are used as substrates for cytochrome P-450-dependent monooxygenase, and the results indicate overlapping substrate specificities among various forms of the hemoprotein (4, 5) . The 0-dealkylation reaction of 7-ethoxy coumarin was introduced as a measure of cytochrome P-450-dependent mixed function oxidase by Ullrich and Weber (6) . Recently, Kamataki et al. (7) and others (8, 9) have indicated a marked increase of the 0 dealkylase activity of 7-ethoxy and 7
propoxy-coumarins, but not of 7-methoxy coumarin, in liver microsomes from 3-methyl cholanthrene or (3-naphthoflavone-pre treated rats or some forms of purified cyto chrome P-450. On the other hand, pretreat ment of rats with phenobarbital resulted in a marked increase in the specific activity of the 0-dealkylation reaction for all 0-alkyl derivatives of 7-hydroxycoumarin (9) . The results indicated the usefulness of the 0 dealkylation reaction of 7-alkoxycoumarin for easy and routine detection of alterations in the cytochrome P-450 species. The most widely employed assays for 7-alkoxycoumarin 0-dealkylase involve solvent extraction of the metabolic product, 7-hydroxycoumarin, fol lowed by fluorometric determination (9) (10) (11) (12) . The procedures are inconvenient because of the long time required for complete extraction and the use of dangerous organic solvents. Recently, Aitio reported a modified assay procedure without solvent extraction (13). However, the procedure did not use the optimum fluorometric assay conditions for 7-hydroxycoumarin because of the fluoro metric interference of NADPH contaminating the assay medium. In addition, we demon strated in a previous study (9) 
Materials and Methods
Animals and their treatments: Wistar strain male rats (9-11 weeks old) were obtained from the Shizuoka Laboratory Center (Hama matsu) and maintained as described pre viously (9) . The following male adult animals were also used: mice (ICR and C57BL/6J strains, 9-11 weeks old), guinea pigs (Hartly, 300-350 g in body weight), rabbits (Japanese White, 2.5-3.0 kg) and beagle dogs (8-10 kg). Some of the animals were given intra peritoneally phenobarbital in physiological saline or Q-naphthoflavone in sesame oil once a day for 3 consecutive days at doses of 40 mg/kg body weight and used for the experiments one day after the last injection.
Preparation of microsomes and other subcellular fractions: Non-fasted animals were killed by decapitation. Some of the animals (rabbits and dogs) were killed under ether or pentobarbital anaethesia. Livers were removed quickly, weighed and homogenized in ice-cold 0.25 M sucrose containing 50 mM Tris-HCI buffer (pH 7.4). The concentration of the homogenate was adjusted to 200 mg wet weight equivalent of tissue/ml with the buffered sucrose solution and then filtered through two layers of coarse gauze to remove the undispersed connective tissues. Portions of the filtrate were used for the enzyme assay at the homogenate level. Residual filtrate was centrifuged at 600xg for 5 min, and the resulting supernatant was carefully removed. The residue was resus pended in the buffered sucrose solution and centrifuged as above. The resulting residue (Fraction I) was resuspended in the above mentioned preparation medium. The super natants from all centrifugations were combined and fractionated by differential centrifugation into Fractions II (precipitate at 5,000xg for 10 min), III (precipitate at 8,000xg for 10 min), IV (precipitate at 15,000xg for 10 min), V (precipitate at 105,000xg for 60 min) and VI (final super natant). Fractions II-V were resuspended in the preparation medium. When only micro somes were required for experiments, they were prepared as described previously (9) using a preparation medium containing 0.154 M KCI and 50 mM Tris-HCI buffer (pH 7.4). The protein concentrations of samples were determined by the method of Lowry et al.
(14) using bovine serum albumin as a standard.
Assay for 7-alkoxycoumarin 0-dealkylase activity: The general incubation mixture consisted of enzyme sample (microsomes or whole liver homogenate), substrate (100 ug or 0.46-0.57 umoles) and the NADPH generating system (0.25 umoles NADP, 2.5 umoles glucose 6-phosphate and 0.65 l.U. glucose 6-phosphate dehydrogenase) in 1.5 ml of a buffer mixture (50 mM Tris-HCI buffer, pH 7.4, containing 150 mM KCI and 10 MM MgCl2). After aerobic incubation of the mixture at 37°C for 5-10 min, the reaction was terminated by adding 1.0 ml of 4% (w/v) perchloric acid (PCA), followed by 0.5 ml of 8.5% (w/v) K2CO3, and then the protein precipitate was removed by cen trifugation. A portion (0.1-0.2 ml) of the resulting protein-free supernatant was added to 2.5 ml of 0.1 M carbonate-bicarbonate buffer (pH 10.0), mixed, and then the fluorescence intensity was measured at 455 nm with an excitation of 370 nm using a Hitachi fluorescence spectrophotometer, Model 650-10S. The quantity of 7-hydroxy coumarin formed was calculated by com paring the fluorescence units observed in the final buffer solution with that of a standard solution of authentic 7 hydroxycoumarin, after correcting for the dilution factor in the two samples.
Determination of enzyme activities: U D P gIucuronyltransferase (EC 2.4.1.17) activity was determined as described previously (9) . Assay of cytochrome content: Cyto chromes P-450 and b5 were detected by difference spectroscopy using a Shimazu UV-300 spectrophotometer. Cytochrome P 450 in isolated microsomes was determined according to the method of Omura and Sato (18). When whole liver homogenate and subcellular fractions other than microsomes were employed, cytochrome P-450 was detected as described previously (19) using the dithionite-reduced difference spectrum of CO-bubbled samples, and its concentration was calculated using the molar extinction difference of 104 mM-1 cm'' for the ab sorption difference between the peak position (at about 450 nm) and 490 nm (20). Cyto chrome b5 was determined by the NADH reduced difference spectrum (18, 21).
Detection of reaction products: For product identification, the incubation mixture for the 0-dealkylase assay system was incu bated for 5-30 min at 37°C, and the mixture was then extracted with 4 ml ether. Precoated thin-layer plates (silica gel 60 F-254, Merck) were used for the separation of ether extractable products. The solvent system employed was chloroform-methanol (10:1, v/v), and the metabolites on the plate were detected using a Toshiba UV-light, Model FI-3L (365 nm). The metabolites on the thin layer plate were quantitated using a Shimazu dual wavelength and zigzag scanning type densitometer, Model CS-900, according to the method of Yamamoto et al. (22 1) . However, the decrease in 7-alkoxycoumarin for the 10-min incubation was several times greater than the amount of 7-hydroxy coumarin produced. Such a discrepancy between the decrease of 7-alkoxycoumarin and the increase of 7-hydroxycoumarin was commonly observed regardless of the micro somal species and the 0-alkyl group sub stituted on the substrate. On the other hand, incubation of 7-alkoxycoumarin with micro somes alone gave only the starting compound (9) . These results probably indicate that 7 alkoxycoumarin is metabolized oxidatively by microsomal enzymes to several me tabolites, and 7-hydroxycoumarin is one of the metabolites. Oxidative formation of 7-hydroxycoumarin from 7-alkoxycoumarin by rat liver microsomes. 7-Alkoxycoumarin was incubated aerobically with NADPH and rat liver microsomes at 37'C for the times shown in the figure. After the incubation, the reaction was terminated and coumarin derivatives were extracted by adding 4 ml ether to the 1.5-ml incubation mixture followed by vigorous shaking for 10 min. The ether-extractable parent compound (7-alkoxycoumarin: closed symbols) and its dealkylated me tabolite (7-hydroxycoumarin: open symbols) were determined fluorometrically as described previously (9) . Substrates employed for Experiments (A), (B) and (C) were 7-methoxy-, 7-ethoxy and 7-propoxy coumarins, respectively.
Liver microsomes obtained from control (0, •), phenobarbital-pretreated (E], N) and fi-naphthoflavone-pretreated (A. A) rats were added to the incubation mixture at the concen trations of 3.54, 2.81 and 2.04 mg protein in Experiment A; 3.35, 3.15 and 2.94 mg protein in Experiment B; and 3.04, 2.43 and 2.52 mg protein in Experiment C; respectively.
To confirm the simultaneous formation of several metabolites from 7-alkoxycoumarin, the ether-extractable compounds in the assay system were separated and analyzed by TLC techniques. The thin-layer chromato gram of the ether-extract of the incubation mixture showed at least four to five fluorescent bands when 7-methoxycoumarin was em ployed as a substrate for the 0-dealkylase assay (Fig. 2) . When the microsomes, NADPH-generating system or molecular oxygen was lacking, only band d was observed. Fluorescent compounds at bands d and b on the plate showed mobilities and fluorescent colors similar to those of authentic 7-methoxy and 7-hydroxy-coumarins, respectively. In addition, three more fluo rescent products (bands c-1, c-2 and a) were detected in the incubation mixture ( Fig.  2 ). Under the chromatographic conditions employed, separation of bands c-1 and c-2 was very difficult, and an apparent single band was observed frequently in this region. The compound at the region of band c-1 was, however, detected by spraying with conc. H2SO4 and heating. As described previously (9) , the compound at band a was supposedly the secondary metabolic product of 7 hydroxycoumarin. These results show that 7-methoxycoumarin is oxidatively metabo lized to at least three fluorescent com pounds (compounds at bands b, c-1 and c-2 on the plate) by microsomal enzymes, and then 7-hydroxycoumarin (band b) is converted partly into another product (band a). 7-Methoxycoumarin (617 nmoles in 1.5 ml.incubation mixture) was incubated with the NADPH-generating system and liver microsomes (1.31 mg protein) obtained from untreated rats as described in "Methods". After 15 min incubation at 37'C, the reaction was terminated, and the metabolites were extracted by adding ether (system 1 ). In system 2, the reaction was terminated by adding PCA followed by K2C03 as described in "Methods" . Ether-extractable metabolites were then obtained as reported previously (9) . Reference samples of 7-methoxy (band d) and 7-hydroxy (band b) coumarins are shown in system 3.
Comparison of metabolite formation in various species of microsomes: After incu bation of 7-methoxycoumarin with liver microsomes prepared from untreated (intact) and phenobarbital or R-naphthoflavone pretreated rats, the ether-extractable me tabolites were separated by TLC as shown in Fig. 2 , and the metabolites on the thin-layer plate were quantitated by densitometry. When liver microsomes obtained from intact rats were employed as the enzyme source, three fluorescent metabolites (band b, c-1 and c-2) were formed during the 5-min incubation. Although the increased amounts of these metabolites and the appearance of the secondary metabolite (band a) were detected after 30-min incubation, no differ ence was observed in the relative amounts of metabolite c (sum of metabolites c-1 and c-2) to metabolite b (7-hydroxycoumarin) (Fig. 3) . A similar pattern was obtained with liver microsomes prepared from pheno barbital-pretreated rats. Interestingly, much more metabolite c was formed than me tabolite b, when liver microsomes from Q naphthoflavone-pretreated rats were em ployed for the assay (Fig. 3) . The results shown in Fig. 3 indicate that the fluorescent metabolites detected do not vary with the species of liver microsomes, and the me tabolite produced preferentially during the incubation depends upon the microsomal species or molecular form of cytochrome P 450. Fig. 3 . Densitometric estimation of metabolites on the thin-layer plate. 7-Methoxycoumarin (617 nmoles) was incubated with the NADPH-generating system and liver microsomes prepared from variously treated rats as described in "Methods".
After 5 or 30-min incubation at 37°C, the reaction was termi nated by adding ether, and the ether-extractable metabolites were separated by TLC. Microsomes obtained from control (intact), phenobarbital (PB)-pretreated or S-naphthoflavone (3-NF)-pretreated rats were added to the incubation mixture at the concentration of 0.55, 0.94 or 0.68 mg protein/ml, re spectively. Absorption peaks at positions a-d correspond to bands a-d, respectively, on the chromato gram. Absorption intensity in the reflection spectrophotometry is shown as the arbitrary absprotion change.
Reexamination
of assay conditions for 7 alkoxycoumarin 0-dealkylase: The 0 dealkylation reaction of 7-alkoxycoumarin is generally detected by fluorometric measure ment of 7-hydroxycoumarin produced in the reaction mixture during the incubation (6 13). However, the accuracy of the methods generally employed is doubtful because 7 hydroxycoumarin is one of the fluorescent metabolites, and the assay system contains a large amount of fluorescent compounds other than the dealkylated metabolite (Figs.  2 and 3) . Thus, the effect of several com pounds on the fluorometric determination of 7-hydroxycoumarin was studied to develop a simple assay procedure for the 0-dealkylase. Excitation and emission wavelengths of 7 hydroxycoumarin observed at pH 10 were 370 and 455 nm, respectively (Fig. 4-A, solid line curve). When the spectra of 7-methoxy coumarin were observed under the optimum assay conditions for 7-hydroxycoumarin, no emission spectrum was obtained, although a small or weak excitation spectrum was observed (Fig. 4-A, dotted line curve) . This clearly shows that the parent compound, 7-alkoxycoumarin, does not interfere with the fluorometric determination of 7-hydroxy coumarin.
On the other hand, Ullrich and Weber (6) and Aitio (13) reported that the optimal excitation and emission wavelengths of the cofactor NADPH are similar to those of the dealkylated compound.
As shown in Fig. 4-A (dashed line curve) , the excitation and emission spectra of NADPH observed under the optimal assay conditions for 7 hydroxycoumarin were almost the same as those for the dealkylated metabolite. The results indicate clearly that NADPH does interefere with the fluorometric assay of 7 hydroxycoumarin, although the compound is not extracted with ether (9) . Addition of trichloroacetic acid (TCA) to NADPH ac cording to the procedure of Aitio (13) could not alter the fluorescence and absorption spectra of NADPH, while the fluorescence spectrum of NADPH disappeared completely with the addition of 1.6% (w/v) perchloric acid (PCA). Figure 4 -B shows the absorp tion spectrum of NADPH with or without PCA treatment. By treating NADPH with PCA, the absorption at 340 nm, characteristic of the reduced form of NAD(P), disappeared completely, accompanied by the appearance of another absorption spectrum exhibiting a peak at 264-265 nm (Fig. 4-B , dashed line curve). It indicates that PCA treatment causes NADPH to be converted to the non fluorescent form and not its oxidized form. The spectra were observed in 0.1 M carbonate bicarbonate buffer (pH 10). Emission (Em) and excitation (Ex) spectra were obtained with an excitation of 370 nm and an emission of 455 nm, respectively. The spectra of 7-hydroxycoumarin (solid line curve) and 7-methoxycoumarin (dotted line curve) were obtained at 0.17 PM and 3.06 uM, respectively. Fluorescence spectrum of NADPH (dashed line curve) was obtained after a 15-min incubation of the NADPH -generating system (3.38 umoles NADP, 37.5 umoles glucose 6-phosphate and 9.36 I.U. glucose 6-phosphate dehydrogenase in 3 ml of 50 mM Tris-HCI buffer, pH 7.4) at 37°C. A portion of the mixture (0.1 ml) was diluted with 3 ml of the buffer (pH 10), and the spectrum was obtained.
(B) Absorption spectra: The NADPH-generating system (3.38 pmoles NADP, 37.5 pmoles glucose 6-phosphate and 9.36 I.U. glucose 6-phosphate dehydrogenase in 1.5 ml of the buffer mixture) was incubated at 37°C for 15 min. Next, 1.5 ml of H20 (solid line curve) or the PCA-K2C03 system (1.0 ml of 4% PCA and 0.5 ml of 8% K2C03 as shown in "Methods", dashed line curve) was added and mixed. A portion of the resulting mixture (0.1 ml) was diluted with 3 ml of H20 and the spectrum was observed.
The results (Fig. 4) coumarin to this secondary product (9). Table 1 . Fluorescent properties of 7-methoxycoumarin and its metabolites When 7-ethoxy or 7-propoxy-coumarin was employed as a substrate for microsomal 0-dealkylase, several fluorescent metabolites were produced during the incubation, ac cording to TLC. Most of the metabolites showed different fluorescent properties from those of 7-hydroxycoumarin, but some that moved between 7-hydroxy and 7-alkoxy coumarins on the TLC (0.40-0.60 in Rf) showed almost the same fluorescent pro perties as those of the dealkylated product. Since the chemical natures of these me tabolites are presently obscure, the fluorescent intensities of 7-hydroxycoumarin and these metabolites cannot be compared. The results indicated that some metabolites of 7-ethoxy and 7-propoxy-coumarins interfere with the fluorometric determination of 7-hydroxy coumarin. On the other hand, Greenlee and Poland reported a fluorometric assay method of 7-ethoxycoumarin 0-deethylase, in which only 7-hydroxycoumarin was separated from fluorescent impurities by a two-step ex traction procedure (12). Thus, we tried to detect the metabolites in the assay mixture according to their method (12): The thin layer chromatogram of chloroform-extractable metabolites in the 0-deethylase assay mixture showed the same pattern as that of the ether extractable ones. A second extraction of the chloroform layer with a NaOH-NaCI mixture resulted in recovery of only 7-hydroxy coumarin and some minor metabolites in the aqueous alkaline phase, but not the me tabolites showing the same fluorescent pro perties as those of 7-hydroxycoumarin. The results indicate that the two-step extraction procedure is the best way to minimize the interference by fluorescent impurities, al though the recovery of 7-hydroxycoumarin is very low (70-80%) by this procedure.
Stability and recovery of 7-hydroxy and 7-alkoxy-coumarins in perchloric acid solution: As shown in Fig. 4 , treatment of the incubation mixture for the 0-dealkylase assay with PCA resulted in disappearance of the fluorescent spectrum of NADPH, although the fluorescent impurities were still observ able in the reaction mixture. We supposed that termination of the reaction, deproteini zation, and conversion of NADPH to the non fluorescent form could be done by adding PCA to the incubation mixture, and the amount of 7-hydroxycoumarin produced could be determined without the organic solvent extraction procedure by using the deproteinized supernatant as the sample to be measured. Therefore, the stability of the compounds in PCA solution and the recovery of 7-hydroxycoumarin were checked to develop a simple assay procedure. 7-Hydroxy coumarin and its 0-alkyl derivatives were added to 2% (w/v) PCA at the concentrations of 6-50 ,ug/ml. This was left standing at room temperature (at about 25'C) for 60 min, and then neutralized by adding K2C03 to a final concentration of 3.4% (w/v). The fluorescent properties of these compounds were deter mined at pH 10 and were similar to those of the control sample, indicating that PCA treatment did not modify their fluorescent properties. The percent recovery of 7 hydroxycoumarin was determined by adding various amounts of the compound (6-123 nmoles) to the microsomal suspension (0.4 1.7 mg protein/ml). The mixture was treated with 2% (w/v) PCA followed by 3.4% (w/v) K2C03, and then the fluorescent intensity of the compound in protein-free supernatant was determined at pH 10. The recovery of 7-hydroxycoumarin ranged from 96 to 99%. The incubation mixture for the 0-dealkylase assay was treated with PCA as described above, and the ether-extractable metabolites were separated by TLC. The chromato graphic pattern thus obtained (Fig. 2, system 2) was the same as that obtained without PCA treatment. When 7-ethoxy and 7 propoxy-coumarins were used instead of 7-methoxycoumarin, similar results were obtained. These results indicate that all fluorescent metabolites of 7-alkoxycoumarin are stable in PCA solution.
Based on the above results, the assay procedure of 7-alkoxycoumarin 0-dealkylase was established as described in "Methods".
After incubation of the standard assay mixture for various times, the fluorescent spectrum of the 7-hydroxycoumarin produced was deter mined according to the established method (Fig. 5) . The spectral pattern was almost the same regardless of the incubation time, but its intensity increased proportionally with the incubation time for about 10 min. Addition of increasing amounts of microsomes increased the fluorescent intensity. The intensity was more than ten-fold over the blank value when the mixture was incubated with 0.1 mg protein of microsomes for 2.5 min (Fig. 5) . . Fluorescence spectrum of 7-hydroxy coumarin in the assay mixture. The reaction mixture for 7-methoxycoumarin 0-demethylase assay was incubated at 37°C for various times. Next, the mixture was treated with PCA followed with K2C03, as described in "Methods"; and the fluorescence spectrum in the protein-free supernatant was observed with an excitation of 370 nm. Liver microsomes obtained from control rats were added to the mixture at the concentration of 0.1 mg protein/ 1.5 ml of the incubation mixture. Solid line spectra were obtained after incubation for (1) 2.5, (2) 5, (3) 10 and (4) 15 min; and the dashed line curve shows the spectrum of the blank sample.
The blank consisted of the complete reaction mixture to which the substrate was added after the addition of PCA. The fluorescence of the blank was independent of the incu bation time, but a 2 to 3-fold increase in the intensity was observed over a 100-fold range in the substrate concentration. Using the same microsomal preparations, the 0 dealkylase activity of 7-ethoxycoumarin de tected by the method described in this report was compared with those determined by different assay procedures. Although the final assay mixture for the fluorometry con tained 7-hydroxycoumarin and other fluo rescent impurities according the present method and also the ether-extraction method (9, 10), the activity detected was not very different among the assay procedures tested (Table 2 ). The 0-dealkylase activity deter mined by the two-step extraction method was similar to that estimated by the other procedures, suggesting that the metabolite(s) resembling 7-hydroxycoumarin in the fluo rescent properties has little effect on the fluorometry of the dealkylated metabolite.
0-Dealkylase activity of 7-alkoxycoumarin in liver homogenate:
To clarify the physio logical roles and toxicological importance of cytochrome P-450 in cells or tissues, the mixed function oxidase activities in both isolated microsomes and whole liver homo genates needed to be compared. The bio transformation of 7-alkoxycoumarin was then determined by aerobic incubation of the compound with liver homogenate and NADPH. The TLC pattern of the ether extractable metabolites of the incubation mixture showed the same pattern as that in the microsomal system, indicating that the metabolic reactions observed in the micro somal system were detectable similarly by the use of liver homogenate as an enzyme source. Next, the 0-dealkylation activity of 7-alkoxycoumarin in liver homogenate was estimated by measuring the 7-hydroxy coumarin produced. Addition of an adequate reducing equivalent (NADPH) was deter mined to be the essential factor for the 0 dealkylation reaction to proceed linearly, and the formation of 7-hydroxycoumarin from 7 alkoxycoumarin was not observed even in the homogenate system when NADPH was omitted from the incubation mixture.
Recovery of 7-hydroxycoumarin was also determined by adding various amounts of the compound to liver homogenate.
When 7 hydroxycoumarin was added to PCA-treated homogenate (0-50 mg wet weight equivalent of tissue/ml, at final) at the concentration of 8-62 nmoles/ml, the recovery of 7-hydroxy coumarin ranged from 95 to 99%. However, the recovery remarkably decreased when 7-hydroxycoumarin was incubated with freshly prepared, untreated homogenate. The decrease in the dealkylated compound de pended upon the homogenate concentration, incubation time and also incubation temper ature; the recovery was only 60 or 85%, respectively, when 15 or 62 nmoles of 7 hydroxycoumarin was incubated with 100 mg wet weight equivalent of tissue homogenate at 37'C for 60 min. When aged liver homo genate (-20°C for 1 day) was employed, the recovery was more than 90%. After incubation of 7-hydroxycoumarin with fresh liver homogenate, the mixture was treated with Q-glucuronidase as described previously (9), and then the amount of 7-hydroxy coumarin was determined fluorometrically. Almost all of the 7-hydroxycoumarin added was recovered by this treatment, indicating that it was converted to its glucuronide by fresh liver homogenate without any addition of UDPGA. Thus, the 0-dealkylase activity in liver homogenate should be detected by adding lower concentrations of liver homo genate (5-10 mg wet weight equivalent of tissue/1 .5 ml of the incubation mixture), and the reaction should be carried out at 37°C for 5-10 min to minimize the conversion of 7 hydroxycoumarin to its glucuronide. Subcellular distribution of 7-alkoxy coumarin 0-dealkylase: To check the ac curacy of the assay procedure using whole liver homogenate, the 0-dealkylase activities of homogenate and subcellular fractions of liver cells were compared using 7-methoxy coumarin as the model substrate. Subcellular fractions of liver cells were obtained es sentially as described previously (23), and the distribution of protein, cytochromes and several enzyme activities were then deter mined using whole liver homogenate and six subcellular fractions (Table 3 ). The highest specific activity and content of 7-methoxy coumarin 0-demethylase and cytochrome P-450 were observed in the microsomal fraction (Fraction V). The subcellular distri bution of cytochrome b5 showed a similar pattern to that of cytochrome P-450. The highest specific activities of UDP-glucuronyl transferase, acid phosphatase and alanine aminotransferase were observed in Fractions IV, II and VI, respectively, under the pre paration and assay conditions employed. On the other hand, the activity of aspartate aminotransferase, known to be localized in both the mitochondria (m-GOT) and cytosol (s-GOT), was high in Fractions I, II and VI. The results indicate that mitochondria and microsomes are mainly recovered in Fractions 1-II and V, respectively, and lysosomes were recovered in Fractions II-III. Subcellular distribution patterns of cytochrome P-450 and 7-methoxycoumarin 0-demethylase were almost the same, suggesting the participation of the cytochrome in the 0-dealkylation reaction.
Next, the total activities or contents deter mined for the whole homogenate were compared with the sum of those for the six subcellular fractions (Table 3 ). The total activities or contents for most of the enzymes and cellular constituents (protein) in the whole homogenate agreed with those, sug gesting that the detection was accurate when whole homogenate was used as the enzyme source. However, the total 0 demethylase activity was different between the homogenate and the sum of those for the subcellular fractions; the 0-dealkylation activity of 7-alkoxycoumarin in liver homo genate was generally 20-30% higher than that of the sum for the six subcellular fractions. Addition of various amount of cytosol to a fixed concentration of microsomes resulted in up to 20-30% activation of the 0-dealkylase activity (data not shown), indicating that some component (s) in the cytosol activates the microsomal 0-dealkylase system. Al though a slightly different activity was obtained in the whole homogenate system as shown in Table 3 , the 0-dealkylation activity in liver homogenate could be detected by our assay procedure. Using the same preparation of liver homogenate, the 0 dealkylase activity detected by the present method was compared with that obtained by the ether-extraction method (9), and no difference was found between the two values.
Comparison of hepatic 0-dealkylase ac tivities for various states of animals: The 0 dealkylation activity of 7-alkoxycoumarin was determined using rat liver homogenate as the enzyme source. Substitution of the 0-alkyl group of 7-alkoxycoumarin from a methyl to an ethyl or propyl group resulted in alteration of the 0-dealkylase activity (Table  4) . This was also observed in the microsomal system (9) . When liver homogenate obtained from phenobarbital-pretreated rats was em ployed, marked increase in the 0-dealkylase activity for all 7-alkoxycoumarins tested and in the content of cytochrome P-450 were observed in both male and female rats. On the other hand, administration of (3-naph thoflavone markedly increased the 0-de ethylase and 0-depropylase activities, but not the 0-demethylase activity (Table 4) . These results were almost the same as those for the microsomal system (7, 9) , indicating that our assay procedure is applicable not only to the microsomal system, but also to the homogenate system. Liver homogenate obtained from various species of animals were used to determine the 0-dealkylation activity of 7-alkoxy coumarin.
As observed in the microsomal system (9), species difference in the activity were observed even when the homogenate was used as the enzyme source (Table 4) . Administration of phenobarbital to rabbits and guinea pigs caused increases in the 0 dealkylation activity and in the cytochrome P-450 content as in rats. Interestingly, pre treatment of rabbits with Q-naphthoflavone resulted in a marked increase in cytochrome P-450 (P-448) content, but the 0-dealkylase activity was not affected. Under the experi mental conditions employed, the 0-dealkylase activity and the cytochrome content in guinea pigs were not altered by the administration of 8-naphthoflavone (Table 4) . Strain differ ences were also observed in mice on the induction of 7-alkoxycoumarin 0-dealkylase by 8-naphthoflavone, although induction of the 0-dealkylase by phenobarbital was observed in all strains of mice tested (data not shown).
Discussion
Recent studies have indicated that the alteration of specific activity or substrate specificity in the 0-dealkylation reaction of 7-alkoxycoumarin reflects the alteration of molecular forms of cytochrome P-450's in liver microsomes (7, 9) . Therefore, measure ment of 7-alkoxycoumarin 0-dealkylase should be useful not only for characterization of purified cytochrome P-450, but also for routine detection of various forms of cyto chrome P-450 in biological samples. The assay methods generally employed to detect 0-dealkylation activity can be classified as follows: (a) direct fluorometric assay (6), (b) solvent extraction method (9-12), (c) TCA precipitation method (13) and (d) mass spectrometry (24). For routine determination of the activity in a large number of samples, Aitio's TCA-precipitation method (13) is the most useful because of its simplicity. How ever, the excitation (' ex) and emission ('em) wavelengths employed for the detection of 7-hydroxycoumarin by Aitio's method are 390 and 440 nm, respectively (13), which differed markedly from the optimum con ditions for fluorescence (~ex=370 nm, Aem=455 nm at over pH 9.5) of the dealkylated metabolite (9) . When the fluorescence in tensity of 7-hydroxycoumarin in alkaline solution was observed under the optimum assay conditions and by Aitio's method, the ratio of the intensity was 1 :0.42, suggesting that a small amount of 7-hydroxycoumarin would be difficult to detect by Aitio's method. This report presents an improved fluorometric assay for the 0-dealkylation of 7-alkoxy coumarin, which is a modification of Aitio's method and is simpler and more accurate; the activity determined by our method agrees with those detected by other methods ( (Figs. 2 and 3 ). The amounts of 7-hydroxycoumarin produced during the in vitro incubation was very small compared to the decrease in 7-alkoxy coumarin (Fig. 1) , indicating that the final fluorometric assay mixture contained large amounts of fluorescent impurities. However, the impurities did not interfere with the fluorometric determination of 7-hydroxy coumarin because of their different fluores cence characteristics (Table 1) . Therefore, the activities determined by the method described in this paper were similar to those obtained by the two-step extraction method (12), which essentially eliminates all fluo rescent impurities ( Table 2 ). The chemical natures of most metabolites remain obscure and further studies should be done to clarify the characters of the metabolites and me tabolic pathways.
To determine the physiological and phar macological significance of the hepatic cyto chrome P-450 monooxygenase system, enzyme contents and their activities in both isolated subcellular organelles and whole liver homogenates should be determined. Quantitative determination of enzymes is usually done using isolated subcellular organ elles, and the results are used to estimate their activities in liver tissues. However, accurate estimation of activities in the tissues by the generally employed procedure is considered to be difficult due to low recovery of subcellular membranous particles during homogenization and centrifugation (25) and heterogeneous subcellular distribution of the intracellular membrane system in liver cells (26). As indicated in Table 3 , heterogeneous subcellular distribution was also observed in 7-alkoxycoumarin 0-dealkylase, but the total activities of several enzymes determined using whole homogenate generally agreed with the sums of those for the six subcellular fractions. This indicates that direct analyses of enzyme activities in the whole homogenate can be done without loss during fragmentation and centrifugation.
Therefore, the determination of enzyme activities in the whole liver homogenate may be the best way for the first step in routine assays. According to the method described in this paper, the 0-dealkylation activities of 7 alkoxycoumarin were determined using the whole liver homogenates of various species of animals. As shown in Table 4 , species differences were also detected by employing liver homogenate as the enzyme source. Pretreatment of animals with phenobarbital caused a remarkable increase in the specific activity of the 0-dealkylation reaction for all substrates tested in all liver samples examined. On the other hand, liver samples obtained from ;3-naphthoflavone-pretreated rats showed very high activity in the O-deakly lation reaction of 0-ethyl and 0-propyl derivatives of 7-hydroxycoumarin, but not of the 0-methyl derivative. Interestingly, admin istration of (3-naphthoflavone to rabbits caused a marked increase in the cytochrome P-450 (P-448) content, but the 0-dealky lation activity was not influenced by this treatment ( Table 4 (Table 4) . Further study is required along this line.
